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ABSTRACT 



A phased-array antenna apparatus used in a microwave or 
milliwave band and having a high gain includes a multilayer 
structure. ITie multilayer structure is constituted by M 
radiating elements, M phase shifters, phase shifting control 
circuits, and a feeding unit. The phase shifters are respec- 
tively coupled to the radiating elements to shift the phase of 
a feeding signal supplied to each of the radiating elements in 
units of N (M and N are integers equal to or larger than two) 
bits. The phase shifting control circuits control phase shift- 
ing of the phase shifters. The feeding unit is arranged to be 
coupled to each of the radiating elements. 

70 Claims, 14 Drawing Sheets 
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PHASED-ARRAY ANTENNA APPARATUS II is another object of the present invention to reduce the 

BACKGROUND OF THE INVENTION ^ high-gain phased-array antenna apparatus. 

The present invention relates to a phased-array antenna . ^^'j^^^ '\ P^?^°^ 7f 
apparatJis which is used in a microwaVe or miUiwave band , ^^P^^^y ^ ^^"^g controlhng the phase shifters of a 
to change the feeding phases for radiating elements by using ' high-g^m phased-array antenna apparatus, 

digital phase shifters. !q order to achieve the above objects, according to the 

A phased-array antenna apparatus is an antenna which present invention, there is provided a phased-array antenna 
scans a radiant beam by electronically changing the feeding apparatus used in a microwave or milliwavc band and 
phases for a plurality of radiating elements. Phase shifters having a high gain, comprising a multilayer structure con- 
are respectively connected to the radiating elements. The stituted by M radiating elements, M phase shifters respec- 
feeding phases for the radiating elements can be changed by lively coupled to the radiating elements to shift a phase of a 
controlling the phase shifters. feeding signal supplied to each of the radiating elements in 

In general, a digital phase shifter with 3 to 5 bits (to be units of N (M and N are positive integers and M is not less 

simply referred to as a digital phase shifter hereinafter) is than two) bits, phase shifting control circuits for controlling 
used as each phase shifter. The phase shift amounts of pjj^gg shifting of the phase shifters, and a feeding unit 

feeding phases are set by ON/OFF-operating the respective arranged to be coupled to each of the radiating elements, 
bits of the phase shifters. As switches for the respective bits 

of the phase shifters, semiconductor devices such as PIN BRIEF DESCRIPTION OF THE DRAWINGS 
diodes or GaAs FETs are used. 

■n,e phase shifters are controlled by a control unit. This 20 FIG. 1 is a block diagram showinga phased-array antenna 

control unit is connected to each phase shifter through a apP^atus according to the first embodiment of the present 

driving circuit therefor. The control unit and the respective invention, 

driving circuits are externally mounted on a substrate on FIG. 2 is an exploded view showing the structure of the 

which the radiating elements and the phase shifters are antenna section of the phased-array antenna apparatus in 
formed. 25 FIG. 1; 

The control unit calculates the optimal phase shift FIG. 3 is a view showing the arrangement of one unit on 

amounts for the orientation of a radiant beam in a desired a phase shifter layer in FIG. 2; 

direction in units of radiating elements, and outputs the r-ir^ ^ • ui i j- u • * r 

... 1 r,^ . . . FIG, 4 IS a block diagram showing the arrangement of a 

correspondmg control signals, ilie dnving circuits turn tFT * t * Pir 1- 

on/off the respective bits of the phase shifters on the basis of 30 <^^<^^i m u. , 

the control signals from the control unit. F^^. 5 is a block diagram showing the arrangement of a 

To increase the gain of the phased-array antenna ^^^a latch circuit 22 in FIG. 4; 

apparatus, the number of radiating elements may be FIGS. 6 A to 6E are timing charts showing the operation 

increased. An increase in the number of radiating elements, of a data latch circuit 22' in FIG. 5; 

however, will increase the number of phase shifters. As a FIG. 7 is a block diagram showing another arrangement 

result, many switches to be arranged for the respective bits of the data latch circuit 22 in FIG 1* 

of the phase shifters are required. g ^ perspective view showing the structure of a 

In a conventional phased-array antenna apparatus, modu- micromachine switch in FIG. 3; 

larized semiconductor devices are used as the switches of _ . , _ . . , . . , . ^.^ 

phase shifters. It takes much lime and labor to mount FIG. 9 is a plan view of the micromachine switch m FIG. 

modularized switches on the phase shifters. For this reason, ' 

the manufacturing cost of a high-gain phased-array antenna FIGS. lOA and lOB are sectional views of the microma- 

apparatus requiring many switches becomes high. chine switch in FIG. 8; 

In addition, if the number of radiating elements is FIG. 11 is a block diagram showing the arrangement of a 

increased to increase the gain of the phased-array antenna phased-array antenna apparatus according to the second 
apparatus, a large number of driving circuits are required for ^5 embodiment of the present invention; 

the respective phase shifters. pjQ 12 is a schematic view showing the relationship in 

In a conventional phased-array antenna apparatus, modu- connection between a flip-chip IC and phase shifters in the 

larizcd ICs (to be referred to as phase shifter driving ICs phased-array antenna apparatus in FIG. 11; 

hereinafter) arc used as driving circuits for phase shifters. p,^ ^ .-u™,- <-f«.^»»« 

„ ^ , L f L J • cn FIG. 13 is a developed view showing another structure or 

For this reason, a large number of phase shifter driving ICs 50 . • /*u u j * * • 

* ..-u- i_ J f the antenna section of the phased-array antenna apparatus m 

are required to implement a high-gam phased-array antenna r / rr 

apparatus. A large space is therefore required to allow a large t-l^'^A • • ■ - 

number of IC modules to be extemaUy mounted, resulting in ^. ^ view showmg stiU another structure of the 

an increase in the size of the phased-array antenna apparatus. ^^[f^J^ phased-array antenna apparatus m 

Furthermore, as the numbers of phase shifters and phase ^5 ■ » 

shifter driving ICs increase, the number of wiring lines for ^° ^^E are timing charts showing another 

connecting the phase shifters to the phase shifter driving IC operation of the data latch circuit 22' in HG. 5. 

in units of bits increases. However, the number of wiring DESCRIPTION OF TIIE PREFERRED 

lines which can be formed within a limited area is hmited. EMBODIMENTS 
For this reason, a high-gain phased-array antenna apparatus 

has been realized with difficulty in forming wiring lines for '^^^ embodiments of the present invention will be 

controlling phase shifters. described in detail below with reference to the accompany- 

ciix^xviADvncTur: iMx/cKmnM drawings. The following descripUon pertains to the 

SUMMARY OF THE INVENTION transmission of a signal from the antenna as the flow of an 
ITie present invention has been made to solve the above 65 RF signal as a feeding signal. Owing to the reciprocity 

problem, and has as its object to reduce the manufacturing theorem, however, the operation principle is essentially the 

cost of a high-gain phased-array antenna apparatus. same as in a case wherein the antenna receives a signal. 
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First Embodiment 

FIG. 1 shows the arrangement of a phased-array antenna 
apparatus according to the first embodiment of the present 
invention. The phased-array antenna apparatus in FIG. 1 has 
M (M is an integer equal to or larger than two) radiating 
elements 25. llie respective radiating elements 25 are con- 
nected to N-bit (N is an integer equal to or larger than one 
or two) phase shifters 24. The phase shifters 24 are con- 
nected to a feeding section 3 through a distribution synthe- 
sizer 27. The phase shifters 24 are connected to a thin-film 
transistor circuit (to be referred to as a TFT circuit 
hereinafter) 20 for driving the phase shifters serving as 
phase shifting control circuits. The TFT circuit 20 is con- 
nected to a control unit 1. 

The TFT circuit 20 is constituted by M data latch circuits 
22 arranged for the respective phase shifters 24 and a data 
distribution circuit 21. The phase shifters 24 are respectively 
connected to the data latch circuits 22. ITie data latch circuits 
22 are connected to the data distribution circuit 21. llie 
control unit 1 is connected to the data distribution circuit 21 
and the data latch circuits 22. 

Each phase shifter 24 has a microwave switch for each bit. 
The respective data latch circuits 22 are connected to the 
microwave switches of the phase shifters 24. 

The TFT circuit 20 is integrally formed with the radiating 
elements 25 and the phase shifters 24 on the same substrate, 
and forms an antenna section 2fl, together with the distri- 
bution synthesizer 27. 

The control unit 1 calculates the optimal phase shift 
amounts for the orientation of a radiant beam in a desired 
direction in units of radiating elements 25, and outputs the 
resultant values as control signals (control data) a to the data 
distribution circuit 21. The control unit 1 also outputs a 
timing signal b for changing the beam direction to each data 
latch circuit 22. The data distribution circuit 21 outputs 
control signals a' to the respective data latch circuits 22 on 
the basis of the control signals a. The data latch circuits 22 
apply driving voltages (data) c to the phase shifters 24 on the 
basis of the control signals a' in synchronism with the timing 
signal b. 

The distribution synthesizer 27 distributes the RF signal 
output from the feeding section 3 and outputs the resultant 
signals to the phase shifters 24. The phase shift amounts of 
the phase shifters 24 are set by the driving vohages c applied 
from the data latch circuits 22. The phase shifters 24 change 
the feeding phases for the radiating elements 25 by the phase 
shift amounts. The radiating elements 25 then radiate radio 
waves with phases corresponding to the feeding phases. 

The operation of the phased-array antenna apparatus in 
FIG. 1 will be described next. 

The control unit 1 calculates the optimal phase shift 
amount for the orientation of a radiant beam in a desired 
direction for each of the M radiating elements 25 with a 
precision of N bits on the basis of the preset position of each 
radiating element 25 and the frequency to be used, and 
outputs the resultant value as the control signal a to the data 
distribution circuit 21. 

The control signals a are distributed/supplied as the 
control signals a' to the respective data latch circuits 22. 

Note that the radiating directions of all the radiating 
elements 25 of the antenna section 2a must be simulta- 
neously changed instead of being gradually changed one by 
one. For this reason, the data latch circuits 22 rewrite the 
held data into the control signals a' as the input data in 
synchronism with the timing signal b for changing the beam 
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direction, and simultaneously apply the driving voltages c to 
the microwave switches corresponding to the necessary bits 
of the phase shifters 24 on the basis of the held data (control 
signals a'). 

5 When the driving voltages c are applied to the microwave 
switches, the microwave switches close the circuits to turn 
on the corresponding bits. The phase amount of each phase 
shifter 24 is set depending on which bits are turned on. 

Each phase shifter 24 changes the phase of an RF signal 
by the phase shift amount set in this manner, and feeds 
power to a corresponding radiating element 25. The respec- 
tive radiating elements 25 radiate radio waves of phases 
corresponding to the feeding phases to form an equiphase 
surface, thereby forming a radiant beam in a direction 
perpendicular to the equiphase surface. 

The structure of the antenna section 2a of the phased- 
array antenna apparatus in FIG. 1 will be described next. 
FIG. 2 shows the structure of the antenna section 2a. 

20 As shown in FIG. 2, the antenna section 2a has a 
multUayer structure. More specifically, a passive element 
layer 41, a first dielectric layer 42, a radiating element/phase 
shifter/TFT circuit layer (to be referred to as a phase shifter 
layer hereinafter) 43, a second dielectric layer 44, a feeding 

25 slot layer 45, a third dielectric layer 46, and a distribution 
synthetic layer 47 are stacked on each other in the order 
named in tight contact with each other. 

The respective layers are formed into the multilayer 
structure by a printing technique, stacking, or bonding. For 

30 example, the passive element layer 41 and the phase shifter 
layer 43 are formed on the upper and lower surfaces of the 
dielectric layer 42 layer 43, and the feeding slot layer 45 is 
formed on one surface of the dielectric layer 44 by the 
printing technique or the like. 

35 Passive elements 26 are formed on the passive element 
layer 41. Although the passive elements 26 are not shown in 
FIG. 1, the band of the anteima can be broadened by using 
the passive elements 26. The passive elements 26 are 
electromagnetically coupled to the radiating elements 25 of 
the phase shifter layer 43 on the phase shifter layer 43 
through the dielectric layer 42. 

The dielectric layer 42 is made of a dielectric having a 
dielectric constant of about 2 to 10. If, for example, a glass 
material is used for the dielectric layer 42, the manufacturing 
cost can be reduced. Obviously, if no consideration is to be 
given to the manufacturing cost, the dielectric layer 42 may 
be made of other dielectrics such as alumina having a high 
dielectric constant and a foamed material having a low 
dielectric constant. 

50 

The radiating elements 25, the phase shifters 24, and the 
TFT circuit 20 (including the data latch circuits 22), which 
I are shown in FIG. 1, are formed on the phase shifter layer 
/ 43, together with the strip lines for feeding power to the 
jjVradiating elements 25. As described above, in the phased- 
array antenna apparatus shown in FIG, 1, the driving circuit 
for the phase shifters, which is an external IC in the prior art, 
is formed as the TFT circuit 20 on the same layer on which 
the radiating elements 25 and the phase shifters 24 are 

^„ formed, 
ou 

The dielectric layer 44 is made of a dielectric having a 
dielectric constant of about 3 to 12, e.g., aliunina. 

Feeding slots 28 serving as feeding coupling means are 
formed in the feeding slot layer 45. The distribution syn- 
65 thesizer 27 shown in FIG. 1 is formed on the distribution 
synthetic layer 47. The distribution synthesizer 27 is elec- 
tromagnetically coupled to the phase shifter layer 43 through 
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the feeding slot layer 45. A feeding unit is constituted by the As the strip line 29, a distributed constant line such as a 

distribution synthesizer 27 and the feeding slots 28. micro-strip line, a triplate line, a coplanar line, or a slot line 

Power is fed from the feeding slots 28 to the radiating is used, 

elements 25 through the phase shifters 24 and the strip lines. -^he phase shifters 24 are arranged around the radiating 
The feeding slot layer 45 also serves as a ground layer. 5 elements 25. The phase shifters 24 are 4-bit phase shifters, 

which grounds the phase shKter layer 43 through the through ^^^^ ^^^^^^ constituted by four phase shifters 24a, 

holes (not shown) properly formed m the dielectnc layer 44. 24b, 24c, and 24d. The phase shifting elements 24a to 24c 

A set of each passive element 26, each radiating element ^^^^ j^e feeding phase by 22.5^ 45^ 90^ and 180^ 

25, each phase shifter 24, each data latch circuit 22 of the resoectivelv 

TFT circuit 20, and each feeding slot 28, which are formed 30 t * r 

on the respective layers described above, constitutes one To prevent confiision of the phase shifter 24 and the phase 

unit. The respective units are arranged in the form of a shifters 24a to 24d constituting the phase shifter 24, the 

uiatj-ix, phase shifters 24a to 24d will be discriminated by calling 

As described above, the respective units are arranged in ^hem the phase shifting elements 24a to 24^. 

the form of a matrix in FIG. 2. The present invention is, Each of the phase shifting elements 24fl, 24b, 24c, and 

however, effective even if the respective units are not 24d is constituted by strip lines 51 and microwave switches, 

arranged in the form of a matrix. As each strip line 51, a distributed constant line such as a 

It suffices if the radiating elements 25 are arranged in the micro-strip line, a triplate line, a coplanar hne, or a slot line 

form of a matrix. The present invention is also effective even is used. As each microwave switch, a micromachine switch 

if the radiating elements 25 are simply arranged in a two- 52 is used. 

dimensional form, or aligned in one direction. g^^^^f„, j,^3g^yfji ,^^^„j524fl to 24c is designed 

In the atrangement in FIG. 2^be radiatmg elements 25, ^^^^^ ^^^^^ ^^^^ „f ^^^.t, „f ^^^^ (^^^^ 

the phase shifters 24, and the TFT circmt are formed on one third distributed constant lines) 51 is connected to the 

^w^'^^I H.. ^-^""^ However the phase distributed constant line) 29 at some 

shifters 24 and the TFT Circuit 20 can be formed on surface J • , \t ,u ^ u- * j 
u i .u J- 1 * Iff 25 midpoint, and the two micromachine switches (first and 

ofthedielectnclayer42, while the radiating elements 25 can j • u \ i - . .i_ 

. - J .u _r T *u- .u J- *• second microwave switches) 52 are arranged to connect the 

be formed on the other surface. In this case, the radiatmg , ^- r u r*u , * • T- ei . i 

, . 1 . .11 1 J * .1. * • other end portion of each of the two strip hnes 51 to ground 

elements 25 are electromagnetically coupled to the stnp 53 r & 

lines connected to the phase shifters 24 through the dielec- 
tric layer 42 phase shifting element 24d is designed such that the 

In addition, in the arrangement in FIG. 2, the distribution P^^^^^^f ^'^^^f ^ f ^^j"^^ distributed 

synthesizer 27 and the phase shifter layer 43 are electro- !°^) are connected to the two end portions of the 

magneticaUy coupled to each other through the feeding slot ^^^P ^^^^ (^^^'^^ fifth distnbuted constant l^es) 29, 

layer 45. The present invention is, however, effective even if ^[^^ micromachine switch (third microwave switch) 52 is 

the distribution synthesizer 27 and the phase shifter layer 43 Pl^f^d to connect the two end portions of the stnp Ime 29, 

are connected to each other through other feeding coupling the other micromachine switch (fourth microwave 

means such as feeding pins, or the distribution synthesizer ^^.^^^^) 52 is placed to coimect the middle portion of the 

27 is formed to be flush with the phase shifter layer 43, as ^^^^P ^'"^ *° 

shown in FIG. 13. ^® former type of phase shifter is called a loaded line 

As shown in FIG. 14, the present invention is also P^^^e shifter; and the latter type, a switched line phase 

effective when a radiating element layer 431 is formed shifter. In general, when the phase shift amount is small, 

independently of the phase shifter layer 43, and radiating g*^^ characteristics can be obtained with a loaded line type 

elements 25 on the radiating element layer 431 are electro- P^^^® shifter. In contrast to this, when the phase shift amount 

magneticaUy excited through fourth and fifth dielectric is large, good characteristics can be obtained with a switched 

layers 432 and 434 and a feeding slot layer 433. ^^^^ P^^ase shifter. 

The phase shifter layer 43 in FIG. 2 will be described ^ For this reason, the loaded hne phase shifters are used as 

further in detail. HG. 3 shows the arrangement of one unit the phase shifting elements 24a to 24c with 22.5**, 45°, and 

on the phase shifter layer 43. FIG. 3 shows a case wherein 90°, whereas the switched line phase shifter is used as the 

a glass material is used for the dielectric layer 42 in FIG. 2. phase shifting element 24d with 180°. Switched hne phase 
The radiating element 25, the phase shifter 24, and the 50 shifters, however, can be used as the phase shifting elements 

data latch circuit 22 are formed on a glass substrate to 24c. 

(dielectric substrate) 50. Note that the data latch circuit 22 Alternatively, phase shifting circuits other than the loaded 

is constituted by data latch circuits 22' arranged for the line type and the switched line type, e.g., line switching type, 

respective bits of the phase shifter 24, and FIG. 3 shows the can be used for the phase shifting elements 24a, 246, 24c, 
data latch circuits 22'. 53 and 24d. 

A strip hne 29 is printed to extend from the radiating The two micromachine switches 52 of each of the phase 

element 25 to a position, on the glass substrate 50, which shifting elements 24a, 24b, 24c, and 24d are connected to 

corresponds to the feeding slot 28 in FIG. 2 through the the data latch circuit 22' placed nearby. The two microma- 

phase shifter 24. chine switches 52 are simultaneously operated by the driv- 

The radiating element 25 and the feeding slot 28 are 60 voltage c output ft-om the data latch circuit 22'. The two 

formed on the same side (left side) of a coordinate axis X, micromachine switches 52 selectively ground the strip lines 

and the phase shifter 24 and the data latch circuit 22' are 51 or selectively connect the disconnected strip hne 29. 

formed on the different side (right side) of the coordinate With this operation, the feeding phase can be changed by 

axis X. passing an RF signal flowing in the strip line 29 to the strip 

As the radiating element 25, a patch antenna, a printed 65 ^i'^^s 51. 

dipole, a slot antenna, an aperture element, or the like is According to the above description, the data 10 latch 

used. circuits 22* are arranged near the micromachine switches 52. 
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A plurality of data latch circuits 22*, however, may be 
arranged in one place, and wiring lines may extend there- 
from to drive the micromachine switches 52. 

One data latch circuit 22' may be connected to the 
micromachine switches 52 of a plurality of different units. 

The TFT circuit 20 in FIG. 1 will be further described. 
FIG. 4 shows the arrangement of the TEvT circuit 20 having 
the data latch circuits 22 arranged in the form of a matrix. 

As shown in FIG. 4, each data latch circuit 22 is con- 
nected to signal lines 61 and scanning lines 62. The signal 
lines 61 are connected to a signal line driving circuit 211. 
'ITie scanning lines 62 are connected to the scanning line 
driving circuit 212. 

The data latch circuit 22 serves to drive the 4-bit phase 
shifter 24, and is constituted by the four data latch circuits 
22'. Owing to this arrangement, each data latch circuit 22 is 
connected to the two signal lines 61 and the two scanning 
lines 62. 

The signal line driving circuit 211 and the scanning line 
driving circuit 212 are included in the data distribution 
circuit 21 in FIG. 1. 

FIG. 5 shows the arrangement of the data latch circuit 22. 
The data latch circuit 22 is constituted by the four data latch 
circuits 22' corresponding to the phase shifting elements 
24fl, 24b, 24c, and 24<i with 22.5^ 45°, 90°, and 180° which 
constitute the 4-bit phase shifter 24. 

Each data latch circuit 22' also includes first and second 
data latch circuits 63 and 64. As the data latch circuits 63 and 
64, D flip-flops or the like are used. 

The D input terminal and clock input terminal of the data 
latch circuit 63 are respectively connected to the signal line 
61 and the scanning line 62. The D input terminal and clock 
input terminal of the data latch circuit 64 are respectively 
connected to the output terminal of the data latch circuit 63 
and the control unit 1 in FIG. 1, The timing signal b for 
changing the beam direction is input to the clock input 
terminal. 'ITie output terminal of the data latch circuit 64 is 
connected to the two micromachine switches 52 of the phase 
shifter 24 in FIG. 3, 

TtiG data latch circuit 63 holds the control signal a' input 
from the signal line 61 in synchronism with a scanning pulse 
(period T) from the scanning line 62. The data latch circuit 
64 holds the control signal a' output from the data latch 
circuit 63 in synchronism with the timing signal b, and 
applies the driving voltage c to the micromachine switches 
52 on the basis of the held control signal a'. 

The operation of the data latch circuit 22' in FIG. 5 will 
be described below, FIGS. 6A to 6E show the operation of 
the data latch circuit 22'. 

When a scanning pulse is applied to the scanning line 62, 
the data latch circuit 63 holds the logic level of the control 
signal a* input from the signal line 61. More specifically, 
when a scanning pulse is applied to the scanning line 62 at 
a point p (RG. 6B), the logic level of the control signal a' on 
the signal line 61 is at "H" (FIG. 6A). The data latch circuit 
63 therefore holds an output Ql of logic level "H" (FIG. 
6C). Even if the logic level of the control signal a' changes 
afterward, the data latch circuit 63 holds the output Ql of 
logic level "H" until a scanning pulse is applied next. 

At this time, the data latch circuit 63 keeps outputting the 
output Ql of logic level "H" to the D input terminal of the 
data latch circuit 64. When the liming signal b (FIG. 6D) is 
output from the control unit 1 to the data latch circuit 64 at 
a point q, the data latch circuit 64 synchronously holds logic 
level "H" of the control signal a' output from the data latch 
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circuit 63, and outputs an output Q2 of logic level "H" (FIG, 
6E). This output is simultaneously applied as the driving 
voltage c to the two micromachine switches 52. 
When a scanning pulse (FIG. 6B) is applied to the 
5 scanning line 62 at point r, since the logic level of the control 
signal a' input from the signal line 61 at this time is "L", the 
data latch circuit 63 holds logic level "L". As a result, the 
output Ql from the data latch circuit 63 changes to logic 
level "L", 

When the timing signal b is output again from the control 
unit 1 at a point d, the data latch circuit 64 holds logic level 
"L" of the output from the data latch circuit 63, and outputs 
it (Q2). As a result, the application of the driving voltage c 
to the micromachine switches 52 is stopped. 

Since the data latch circuits 64 for holding the control 
signals a' in synchronism with the liming signal b from the 
control unit 1 are arranged on the output terminal sides of the 
data latch circuits 63 connected to the signal lines 61 and the 
scanning lines 62 in this manner, all the data latch circuits 
^ 22' simultaneously output the driving voltages c to the phase 
shifting elements 24a to 24d in synchronism with the timing 
signal b. Radiations from all the radiating elements 25 can 
therefore be simultaneously switched. By simultaneously 
switching radiations from all the radiating elements 25 in 
this manner, the beam direction of the antenna can be greatly 
changed within a short period of time. 

During switching operation of a given microwave switch 
such as the micromachine switch 52, the phase of the 
radiating element 25 corresponding to this microwave 
switch becomes unstable. For this reason, when radiations 
from aU the radiating elements 25 are simultaneously 
switched, disconnection may occur although the duration of 
disconnection is short. In contrast to this, when radiations 
from the radiating elements 25 are to be sequentially 
switched, a certain number of radiating elements are 
switched at a time, with lime lags, instead of being switched 
at once, and only some of the radiating clement 25 exhibit 
phase instability. 'Jlierefore, the antenna beam direction can 
be gradually changed while communication is kept ensured. 

Consequently, the phased-array antenna preferably has 
two control schemes, i.e., the scheme of simultaneously 
switching radiations from all the radiating elements 25 when 
the antenna beam direction is to be greatly changed within 
45 a short period of time, although disconnection occurs for a 
short period of time; and the scheme of switching radiations 
from a certain number of radiating elements 25 at a time 
while ensuring communication when the antenna beam 
direction is to be gradually changed. 
50 As described above, the control scheme of switching 
radiations from a certain number of radiating elements 25 at 
time can also be implemented by the circuit shown in FIG. 
5, The control scheme of switching radiations from a certain 
number of radiating elements 25 at a time will be described 
55 below with reference to the timing charts of FIGS, 15A lo 
15E. 

FIGS. 15A to 15E differ fi-om FIGS. 6A to 6E in the 
following point. Referring to FIGS. 6A to 6E, the timing 
signal b is instantaneously supplied at the points q and s in 

60 the form of pulses. In contrast to this, referring to FIGS. 15A 
to 15E, the timing signal b is always held at logic level "H". 

When the timing signal b supplied to the data latch circuit 
64 is always kept at logic level "H" in this manner, a 
scanning pulse is input to the data latch circuit 63 at the point 

65 p, and the logic level of the output Ql from the data latch 
circuit 63 changes from "L" to "H". At the same time, the 
logic level of the output Q2 from the data latch circuit 64 
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also changes from "L" to "H". This output is applied as the Upon reception of ibis timing signal b, the respective data 

driving voltage c to tbe micromachine switch 52. latch circuits 67 simultaneously latch the control signals a' 

Similarly, at the point s, a scanning pulse is input to the 0"'P"' paraUeUy from the shift register 66, and output the 

data latch circuit 63. As a result, the logic level of the output ^riving voltages c to tbe resp«:tivc bits of the phase shtfter 
Ql from the dau latch circuit 63 changes from "H" to "L". 5 24. As a result similar to the data latch ctrcurts 22, the data 

At tbe same lime, the output Q2 from tbe data latch circuit If tch circuits 67 can simultaneously change the radiating 

, - ' .f- „ directions of all the radiating elements 25 of the antenna 

64 changes from "H to "L . >i 

^ section 2a, 

Considering the radiating elements 25 as a whole, it is -j^^ ^^^^ distribution circuit 21 may output the control 

obvious that only the radiatmg elements 25 corresponding to 3. ^, paraUelly to the respective bits of the phase shifters 

the data latch circuits 63 to which scanmng pulses are input 24, as shown in FIG. 1, If, however, the control signals a' are 

are sequentially switched. ^^.^Uy ^^^p^^^ ^ ^^^^^ 7^ ^^^^^ ^-^^^ 

As is obvious from the above description, according to the lines between the data distribution circuit 21 and the data 

circuit shown in FIG. 5, the timing signals b are supplied to latch circuits 22 can be decreased. 

the data latch circuits 64 in different manners to implement -j^^ ^^^^ register 66 shown in FIG. 7 is provided for each 

the two control schemes, i.e., the scheme of simultaneously p^^se shifter 24. If, however, shift registers having many bits 

switching radiations from aU the radiating elements 25 and ^^^^ ^^^^ ^^^^^^^ ^e provided for a pluraUty of 

the scheme of switching radiations from a certain number of ptj^ge shifters 24. In this case, one data latch circuit 22 can 

radiating elements 25 at a time, which schemes are switched control driving of a plurality of phase shifters 24. 

depending on the magnitude of change in antenna beam The micromachine switches 52 shown in FIG. 3 will be 

du-ection. further described next. FIG. 8 shows the structure of each 

Another example of the data latch circuit 22 shown in micromachine switch 52 placed between the strip line 51 

FIG. 1 will be described next. FIG. 7 shows another arrange- the ground 53. 

ment of the data latch circuit 22. micromachine switch 52 is constituted by an elec- 
The data latch circuit 22 in FIG. 7 serves to drive the 4-bit 25 trode 71, a finely movable element 72, and a support 

phase shifter 24. Data latch circuits 67 are connected to the member 73. The finely movable element 72 and the support 

output side of a 4-bit shift register 66 in units of bits, and the member 73 constitute a cantilever. 

two micromachine switches 52 for each bit of the phase ^ gjjown in FIG. 8, the strip line 51 and the ground 53 

shifter 24 are connected to the output side of each data latch are spaced apart from each other on the glass substrate 50. 
curcuit 67. 30 Ttjg electrode 71 is formed between the strip line 51 and 

The control signals a' from the data distribution circuit 21 the ground 53 on the glass substrate 50 by photolithography, 

in FIG. 1 are serially output to the shift register 66, and a ^jiie electrode 71 is not in contact with both the strip line 51 

shift clock signal d is output from the control unit 1 in FIG. and the ground 53. Although the strip line 51 and the ground 

1. In addition, the timing signal b Is output from the control 53 are at the same level, the electrode 71 is formed to be 
unit 1 to the data latch circuits 67. 35 sufficiently lower than the strip line and the ground. 

'llie shift register 66 is a series input/parallel output type The finely movable element 72 is formed above the 

shift register, and outputs the serial control signals a' to the electrode 71 to oppose the strip hne 51, the ground 53, and 

respective data latch circuits 67 paraUelly. The data latch the electrode 71. 

circuits 67 hold the control signals a' output from the The support member 73 is formed on the glass substrate 

respective bits of the shift register 66 in synchronism with 50 and cantilevers the finely movable element 72. 

the timing signal b. and output the driving voltages c to the Although the electrode 71 and the finely movable element 

micromachine switches 52 on the basis of the held control 72 are made of a conductor, the support member 73 may be 

signals a . made of a conductor, a semiconductor, or an insulator. 

The operation of the data latch circuit 22 in FIG. 7 will be 9 ^^^^^ micromachine switches 52 in FIG. 8, 

described next. ^^^^ specifically, the two micromachine switches 52 

The control signals a' for controlling driving of the used for the loaded line type phase shifting elements 24fl to 

respective bits of the phase shifter 24 are serially output 24c. 

from the data disuibution circuit 21 to the shift register 66. ^s shown in FIG. 9, the two micromachine switches 52 

The shift register 66 stores the control signal a' in the first are arranged to be symmetrical about the two strip lines 51, 

bit upon reception of the clock signal d. Upon reception of The electrodes 71 respectively included in the two micro- 

the next shift clock signal d, the shift register 66 transfers the machine switches 52 are connected to the output side of one 

control signal a' stored in the first bit to the next bit, and data latch circuit 22'. The driving voltages (external 

stores the new control signal a' in the first bit. Similarly, the voltages) c are simultaneously applied from the data latch 
control signal a' stored in a given bit is transferred to the next 55 circuit 22' to the electrodes 71. 

bit in synchronism with the shift clock signal d. The operation of each micromachine switch 52 will be 

In the case of a n-bit shift register, therefore, when the described next. FIGS. lOA and lOB show the micromachine 

shift clock signal d is input n times, the control signal a' switch 52 in FIG. 8. FIG. lOA shows the open state of the 

stored in the shift register is updated. As described above, micromachine switch 52. FIG. lOB shows the closed state of 
since the shift register 66 shown in FIG. 7 is a 4-bit register, go the micromachine switch 52. 

the stored control signal a' is updated by inputting the shift When the control signal a' of logic level "L" is output 

clock signal d four times. from the data distribution circuit 21, the data latch circuit 22' 

When the control signals a' in the shift register 66 are does not apply the driving voltage c to the electrode 71. At 

updated after the shift clock signal d is output from the this time, as shown in FIG. lOA, the finely movable element 
control unit 1 four times, the timing signal b for changing the 65 72 is located above the strip line 51 and the ground 53 and 

beam direction is output from the control unit 1 to each data is not contact therewith. Th& micromachine switch 52 is 

latch circuit 67. therefore set in the open state. 
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In addition, as described above, since the electrode 71 is When this embodiment is applied to a phased-array 

not in contact with the strip line 51 and the ground 53, the antenna wilb a size of about 36 cmx36 cmxlO cm and a 

strip line 51 is disconnected. At this time, the phase shifting radiation element count M of 4,000 to 5,000, a high gain of 

elements 24o to 24c do not operate, and the RF signal about 35 dBi can be obtained at a frequency of 30 GHz. 
flowing in the strip line 29 does not flow from the strip line 5 

51 to the ground 53. The feeding phase for the radiating Second Embodiment 
element 25 does not change. 

When the control signal a' of logic level "H" is output The s^ond embodiment of the present invention will be 

from the data distribution circuit 21, the data latch circuit 22' described next. 

applies the driving voltage c to the electrode 71. The driving FIG. 11 shows the arrangement of a phased-array antenna 

voltage c applied to the electrode 71 at this time is about 30 apparatus according to the second embodiment of the 

V or less. present invention, llie same reference numerals in FIG. 11 

When the positive driving voltage c is applied to the denote the same parts as in FIG. 1, and a description thereof 

electrode 71, a positive charge appears on the surface of the will be omitted. 

electrode 71, and a negative charge appears on the surface of 'j^^ phased-array antenna apparatus shown in FIG. 11 

the finely movable element 72 opposing the electrode 71 ^^^^ ^^^^^ ^ ^ ^^at an antenna 

owing to electrostatic induction. Since an attractive force is ^^.^^ has a flipn^hip IC circuit 30 in place of the TFT 

generated by the electrostatic force between the positive circuit 20 
charge on the electrode 71 and the negative charge on the 

finely movable element 72, the finely movable element 72 is ^ radiating elements 25 are respectively connected to 
pulled down to the electrode 71 by this attractive force, as 20 N-bit phase shifters 24. The phase shifters 24 are connected 

shown in FIG. lOB. ^ feeding section 3 through a distribution synthesizer 27. 

With this operation, since the finely movable element 72 'The phase shifters 24 are connected to the flip-chip IC circuit 

is brought into contact with the strip Une 51 and the ground (driving means) 30 for driving the phase shifters. The 

53, the micromachine switch 52 is set in the closed state. As Aip-chip IC curcuit 30 is connected to a control unit 1. 
a result, the strip line 51 is RF-connected to the ground 53 ^5 llie flip-chip IC circuit 30 is constituted by data latch 

through the finely movable element 72. In this case, the circuits 32 and driving circuits 33, which are arranged for 

phase shifting elements 24^ to 24c operate, and the RF the respective bits of the phase shifters 24, and a data 

signal flowing in the strip line flows from the strip line 51 to distribution circuit 31. The respective bits of the phase 

the ground 53. The feeding phase for the radiating element shifters 24 are connected to the driving circuits 33. The 
25 therefore changes. •'^ driving circuits 33 are respectively connected to the data 

Similarly, in the case of the switched line type phase latch circuits 32. The data latch circuits 32 are connected to 

shifting element 24d, when the driving voltage c is selec- data distribution circuit 31. The control unit 1 is con- 

tively applied to the electrode 71 of the micromachine nected to the data distribution circuit 31 and the data latch 

switch 52, the finely movable element 72 selectively con- circuits 32. 

nects the strip line 51 to the ground 53 or the disconnected The control unit 1 outputs control signals a for controlling 

strip line 29. As a result, an RF signal flows in the connected driving of the respective bits of the phase shifters 24 to the 

portion, and the feeding phase changes. data distribution circuit 31, and also outputs a timing signal 

As described above, the electrode 71 is suflBciently lower b for changing the beam direction to each data latch circuit 

than the strip line 51 and the ground 53. For this reason, 32. llie data distribution circuit 31 outputs control signals a' 

when the finely movable element 72 comes into contact with to the data latch circuits 32 on the basis of the control signals 

the strip line 51 and the ground 53, the finely movable a. The data latch circuits 32 rewrite the held data in syn- 

element 72 does not come into contact with the electrode 71. chronism with the timing signal b, and output the resultant 

The micromachine switch 52 shown in HG. 8 is an ohm data to the driving circuits 33. The driving circuits 33 output 

coupling type micromachine switch. However, a capacitive driving voltages c to the respective bits of the phase shifters 

coupling type micromachine switch using a cantilever hav- 24 on the basis of the outputs from the data latch circuits 32. 

ing a dielectric film formed on the lower surface of the finely The distribution synthesizer 27 distributes the RF signal 

movable element 72 may be used. output from the feeding section 3 to output the resultant 

In the micromachine switch 52 shown in FIG. 8, the signals to the phase shifters 24. The phase shift amounts of 
driving voltage c is applied to the electrode 71. However, the 50 the phase shifters 24 are set by the driving voltages c applied 

output side of the data latch circuit 22* may be connected to from the driving circuits 33. The phase shifters 24 change 

the finely movable element 72, and the driving voltage c the feeding phases for the radiating elements 25 by the 

may be applied to the finely movable element 72 to generate respective phase shift amounts. The radiating elements 25 

an electrostatic force between the electrode 71 and the finely radiate radio waves with phases corresponding to the feed- 
movable element 72, 55 ing phases. 

In a conventional phased-array antenna apparatus, a The operation of the phased-array antenna apparatus in 

modularized PIN diode has been used as a microwave FIG. 11 will be briefly described next, 

switch. However, since the PIN diode exhibits a large energy The data latch circuits 32 rewrite the held data into the 

loss on the semiconductor junction surface, the power con- control signals a' as input data in synchronism with the 
sumption becomes large. 60 litning signal b for changing the beam direction, and output 

In contrast to this, according to this embodiment, as the resultant data (control signals a') to the driving circuits 

described above, since the micromachine switch 52 is used 33. As a result, the driving voltages c are simultaneously 

as a microwave switch, the power consumption at the switch applied from the driving circuits 33 to the respective bits of 

can be reduced to about 1/10 or less. the phase shifters 24. The radiating directions of all the 

In the present invention as well, if no consideration is to 65 radiating elements 25 can be simultaneously changed, 

be given to the problem of power consumption, a PIN diode A flip-chip IC having the data latch circuits 32 and the 

can be used as a microwave switch. driving circuits 33 shown in FIG. 11 will be described below. 
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The flip-chip IC is obtained by forming bumps on elec- The size of the phased-array antenna apparatus can therefore 

trodes without packaging, and joining the bumps and pat- be reduced. In addition, the wiring for controlling the phase 

terns on a substrate directly by soldering or through an shifters can be simplified. 

anisotropic conductive sheet or the like. Such bumps can be xh& microwave switches are used to selectively ground 

formed on the entire surface of the IC chip instead of being 5 the distributed constant circuits. With this operation, the 

formed on only the peripheral portion of the IC chip. Since feeding phases for the respective radiating elements can be 

wire bonding for connecting the module chips in the I C to changed. 

the lead pins is not required, unlike a general IC, the area jf ^^^^^ jyp^ shifters are used as phase 

occupied by each IC is smaU, The packing density mcreases. ^^if^^^^ ^^^^ characteristics can be obtained with small 

Many ICs can therefore be mounted and wired in a small lo ^y^^^ ^^f^ amounts. If switched line type phase shifters are 

^P^''^* used as phase shifters, good characteristics can be obtained 

Even if, therefore, the number of phase shifters 24 vvith large phase shift amounts, 

increases as the number of radiating elements 25 is increased microwave switches having electrodes and finely 

to mcrease the gam of the antenna, an increase in the size of movable elements are used as the switches of the phase 

the phased-array antenna apparatus can be suppressed by 15 ^^-^^^^^^ ^^^^^-^ opened/closed by the finely 

using a flip-chip technique to form the dnving circuits 33 movable elements with the electrostatic forces generated by 

and the data latch circuits 32 for the phase shifters 24. applying external voltages to the electrodes or the finely 

FIG, 12 shows the relationship in connection between the movable elements. Since the microwave switches operate 

flip-chip IC and the phase shifters 24. As shown in FIG. 12, with low power, the power consumed by the switches of the 

many bumps 36 are formed on the entire surface of a ^0 ^^^^^ shifters can be reduced, 

flip-chip IC 35. Since the radiating elements and the feeding coupUng 

The output sides of the respective driving circuits 33 in Cleans are arranged on one side of a coordinate axis, and the 

HG. 11 are connected to the bumps 36. The bumps 36 are phase shifters are arranged on the other side, the radiating 

connected to the respective bits of the phase shifters 24 elements and the phase shifters can be formed in a limited 

through wiring lines 37 formed by the printed wiring tech- g^a on one surface of one substrate. For this reason, the 

"^liis- number of layers constituting the antenna section as a 

The printed wring technique includes an etching tech- multilayer structure can be decreased, 

nique of forming the wiring Hues 37 by removing unneces- si^^e the driving means for the phase shifters are consti- 

sary portions of a conductive layer formed on a substrate as ^^ted by flip-chip ICs, the space for phase shifter driving ICs 

weU as the general pnnted wirmg techmque. This apphes to ^an be reduced as compared with the prior art. The size of 

the strip line 29 m FIG, 3 and the electrode 71 m FIG, 8, phased-array antenna apparatus can therefore be 

About 1,000 bumps 36 are formed on the flip-chip IC 35. reduced. 

If, for example, 4-bit phase shifters are used as the phase '^^^^ j^^^^ circuits are arranged in the thin-film 

shifters 24, about 250 radiatmg elements 25 can be con- 35 transistor circuit, or the data latch circuits are arranged for 

troUed by this flip-chip IC 35. ^^e flip-chip ICs lo simultaneously output external voltages 

Note that the spacing between the bumps 36 is about 70 to the respective phase shifters in synchronism with the 

to 100 /^m, and the spacing between the wiring lines 37 is timing signal. With this operation, the phase shift amounts of 

about 1.5 //m. the respective phase shifters can be simultaneously changed. 

llie wiring lines 37 for connecting the bumps 36 to the 40 The radiating directions of aU the radiating elements can 

respective bits of the phase shifters 24 are formed on one therefore be changed at once. 

layer. If, however, the number of radiating elements 25 is .Edition, since the data latch circuits are arranged in the 

increased to increase the gain of the amenna, or the number fo^m of a matrix, the number of wiring lines to the thin-fihn 

of bits of each phase shifters 24 is increased to improve the transistor circuit including the data latch circuits can be 

precision in the beam radiating direction, and the number of 45 decreased. 

driving circuits 33 for the phase shifters 24 increases «• ♦u j- 1 . j • *i. r c 

. . , - I- . r J. 11- Since the radiating elements are arranged in the form of 

excessively, the wiring lines 37 may be formed in a plurality j- 1 . 1 j -^l- 

ft ^ matrix, many radiatmg elements can be arranged withm a 

0 ayers. , ^ , . . . . , . . limited area. 

For the sake of descnptive convenience, the dnving „ . , ... j-..- l .1 

-.1^ J u J . 1 * 1 - 1 1 f.u J * By using a glass substrate as a dielectric substrate, the 

circuits 33 are described to relate the loeic levels of the data 50 r • ... 

1 . u • i-> * *i. J • • 1. A • u ' c manufactunng cost can be reduced, 
latch circuits 32 to the driving voltages c. As is obvious, if what is claimed i • 

a data latch circuit for outputting the driving voltage c when ^ a t_ 1 * . » ■ • 

I . I iuTT„. J u J * 1 Tu 1. A phased-array antenna apparatus used in a microwave 

logic lever H IS set IS used as each data latch circuit 32, the mi- . i_ 1 j u • l - u • 

. i-j J *L J T-u . ■ .1- J . 1 \ u or millimeter wave band and having a high gain, compnsing 

driving circuits 33 need not be used. That is, the data latch , • j ^ i- & 

.f , J • • -.11 a multilayer structure constituted by: 

cu-cuits 32 also serve as the drivmg circuits 33. 55 ; . 

As has been described above, according to the present ^ radiating elements, 

invention, the phase shifters and the phase shifting control ^ shifters respectively coupled to said radiating 

circuits for controUing phase shifting of the phase shifters elements to shift a phase of a feeding signal supplied to 

are integraUy formed. Therefore, the microwave switches as *^ach of said radiating elements in units of N bits, 

the switches of the phase shifters are integrally formed with 60 wherein M and N are positive mtegers and M is not less 

the radiating elements and other portions of the phase 

shifters. For this reason, the step of mounting modularized phase shifting control circuits for controUing phase shift- 
switches as in the prior art can be omitted. The manufac- ing of said phase shifters, and 
mring cost of the phased-array antenna apparatus can there- a feeding unit arranged to be coupled to each of said 
fore be reduced. In addition, since the phase shifters and the 65 radiating elements, 

phase shifting control circuits are integrally formed, the wherein said M radiating elements and said M phase 

space for external phase shifter driving ICs can be omitted. shifters are formed on the same dielectric substrate. 
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2. An apparatus according to cLaim 1, further comprisiDg for each of said phase shifters, and outputting data in 
a layer on which a plurality of passive elements coupled to synchronism with the timing signal, and 

said radiating elements are formed. phase shifting of said phase shifting elements of said 

3. An apparatus according to claim 1, wherein said phase shifter are simultaneously controlled on the basis 
respective layers of said multilayer structure are formed into 5 of an output from each of said data latch circuits. 

a multilayer structure by photolithography and stacking or 15. An apparatus according to claim 1, wherein said phase 

bonding in a process. shifter comprises N phase shifting elements, 

4. An apparatus according to claim 1, wherein said phase said phase shifting control circuit comprises a data dis- 
shifter includes N phase shifting elements, and tribution circuit for distributing control data, which is 

each of said phase shifting elements includes a distributed lO calculated to obtain a predetermined radiant beam, to 

constam line, and a microwave switch connected to scannmg and signal bnes. respectively, for each of said 

said distributed constant line. P*^^ ^^"^^l"^' ^.'^^ ^""^ ^^^^ latch circuits, each for 

5. An apparatus according to claim 4, wherein said outputlmg data m synchronism x^th a sc^miing pulse 
distributed constant line and said microwave switch are ^'^^ ''^^ "'^^ P*^^ ^^"^''"^^ 
integrally formed on a surface of a substrate by photolithog- 15 

j.^pj^y phase shifting of said phase shifting elements of said 

6. An apparatus according lo claim 5, wherein said data P^^ ^^^^^^ ^ controlled by switching a certain num- 

latch circuit comprises a first latch circuit for receiving the radiating elements at a tune, on the basis of 

scanning pulse and the control signal, and <^^^P^^ ^^^m said respective data latch cwcuits. 

r . . . * r • I 20 16. An apparatus according to claim 1, wherein said phase 

a second latch circuit for receiving an output from said ,.c • xr . f vc.- i , 

r: ^ , ^ . . J * • • 1 ^ ^ ' ' J shifter comprises N phase shiftmg elements, and 

first latch circuit and the timmg signal and driving said _ ... ^ 

phase shifting element ^ control circuit simultaneously controls phase shifting 

7. An apparatus according to claim 4, wherein a loaded °f f P^f^ ^^'^^"g elements of each of said phase 
line phase shifter is used as said phase shifting element when shifters when an antenna beam direction is to be 
a phase shift amount is smaU, and a switched line phase 25 changed at a high speed, and controls phase shifting of 
shifter is used as said phase shifting element when a phase P^^^ elements of each of said phase 
shift amount is large ^^'^^^^ switchmg a certain number of radiating 

8. An apparatus according to claim 7, wherein said loaded ^^^^^""^ ^j^™^' ^^en the antenna beam direction is 
fine phase shifter comprises first and second microwave ^J^^^ changed at a low speed. 

switches respectively arranged between ground and distal 17. An apparatus according to claun 1, wherein said phase 

ends of second and third distributed constant lines connected shifting control circuits are arranged in the form of a matrix, 

to two ends of a first distributed constant line. }^\^ apparatus according to claim 1, wherem said 

9. An apparatus according to claim 7, wherein said radiating element, said phase shifter, and said phase shifting 
switched line phase shifter comprises ^^^^^^ arranged adjacent to each other. 

. J . . , r *u J 35 19. An apparatus according to claim 1, wherein said phase 

a thu-d microwave switch arranged between fourth and u a- ; i • ■ .u- m . ■ . • 

fifth distributed constant lines; and ^^""^ ^"^^^^ ^^^^"^^ ^"'P^^^ ' ^^^"^^^ 

a fourth microwave switch arranged between ground and """"^O. An apparatus according to claim 19, wherein said 

a sixth distributed constant Ime connectmg said fourth thin-fiim transistor circuit is integraUy formed on a surface 

and fifth distributed constant lines. ^ substrate by photolithography. 

10. An apparatus according to claim 4, wherein a micro- jl. An apparatus according to claim 1, wherein said phase 
machine switch is used as said microwave switch. ^^^^^^^^ ^^^^,^1 circuit comprises a flip-chip IC. 

U. An apparatus according to claim 10, wherein said 22. An apparatus according to claim 21, wherein said 

micromachine switch comprises IChasaplurality of bumps connected aselectrodes 

an electrode formed between said two distributed constant by a flip-chip technique. 

lines on the substrate, 23. An apparatus according to claim 22, wherein wiring 

a finely movable element that finely moves to come into between the bumps of said flip-chip IC and said phase shifter 

contact with or separate from each of said distributed is performed by using a pattern formed by photolithography. 

constant lines in accordance with an electrostatic force, 24. An apparatus according to claim 23, wherein said 

and 50 flip-chip IC is mounted on a side of each of said phase 

a support member for supporting said finely movable shifters and connected thereto by the wiring through the 

element. same layer as that for said flip-chip IC or another layer. 

12. An apparatus according to claim 11, wherein said 25. An apparatus according to claim 1, wherein said 
finely movable element is placed above said electrode and is radiating elements, said phase shifters, and said phase shift- 
attracted to said electrode on the basis of a voltage applied 55 ing control circuits are arranged in the form of matrices, 
to said electrode or said finely movable element. respectively. 

13. An apparatus according to claim 4, wherein a PIN 26. An apparatus according to claim 1, wherein said 
diode is used as said microwave switch. feeding unit comprises a distribution synthesizer for 

14. An apparatus according to claim 1, wherein said phase distributing/synthesizing the feeding signals, and 

shifter comprises N phase shifting elements, 60 a plurality of feeding slots for feeding power to said 

said phase shifting control circuit comprises a data dis- radiating elements. 

tribution circuit for distributing control data, which is 27. An apparatus according to claim 1 wherein N is not 

calculated to obtain a predetermined radiant beam, to less than two. 

scanning and signal lines, respectively, for each of said 28. A phased-array antenna apparatus used in a micro- 
phase shifters, and MxN. data latch circuits, each for 65 wave or milliwave band and having a high gain, comprising 
receiving a scanning pulse from the scanning line, a a multilayer structure formed by sequentiaUy and tightly 
control signal from the signal line, and a timing signal stacking 
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a passive element layer on which a plurality of passive 

elements are formed, 
a first dielectric layer, 

a phase shifter layer on which M radiating elements, M 
phase shifters coupled to said radiating elements to 
shift a phase of a feeding signal supplied to each of said 
radiating elements in units of N bits, wherein M and N 
are positive integers and M is not less than two, and 
phase shifting control circuits for controlling phase 
shifting of said phase shifters are formed, 

a second dielectric layer, 

a feeding slot layer in which a plurality of feeding slots 

are formed to be coupled to said radiating elements, 
a third dielectric layer, and is 
a distributing synthetic layer for distributing/synthesizing 
the feeding signals. 

29. An apparatus according to claim 28, wherein a glass 
material is used for at least one of said dielectric layers. 

30. An apparatus according to claim 28, wherein said 20 
respective layers of said multilayer structure are formed into 

a multilayer structure by photolithography and stacking or 
bonding in a process. 

31. An apparatus according to claim 28, wherein said 
phase shifter includes N phase shifting elements, and 25 

each of said phase shifting elements includes a distributed 
' constant line, and a microwave switch connected to 
said distributed constant line. 

32. An apparatus according to claim 28, wherein said 
phase shifter comprises N phase shifting elements, 

said phase shifting control circuit comprises a data dis- 
tribution circuit for distributing control data, which is 
calculated to obtain a predetermined radiant beam, to 
scanning and signal lines, respectively, for each of said 
phase shifters, and MxN data latch circuits, each for 
receiving a scanning pulse from the scanning line, a 
control signal from the signal line, and a timing signal 
for each of said phase shifters, and outpulting data in 
synchronism with the timing signal, and 

phase shifting of said phase shifting elements of said 
phase shifter are simultaneously controlled on the basis 
of an output from each of said data latch circuits. 

33. An apparatus according to claim 28, wherein said 
phase shifter comprises N phase shifting elements, 

said phase shifting control circuit comprises a data dis- 
tribution circuit for distributing control data, which is 
calculated to obtain a predetermined radiant beam, to 
scanning and signal lines, respectively, for each of said 
phase shifters, and MxN data latch circuits, each for 
outputting data in synchronism with a scanning pulse 
from the scanning line for each of said phase shifters, 
and 

phase shifting of said phase shifting elements of said 
phase shifter is controlled by switching a certain num- 55 
bcr of radiating elements at a time, on the basis of 
outputs from said respective data latch circuits. 

34. An apparatus according to claim 28, wherein said 
phase shifter comprises N phase shifting elements, and 

said control circuit simultaneously controls phase shifting 60 
of said phase shifting elements of each of said phase 
shifters when an antenna beam direction is to be 
changed at a high speed, and controls phase shifting of 
said phase shifting elements of each of said phase 
shifters by switching a certain number of radiating 65 
elements at a time, when the antenna beam direction is 
to be changed at a low speed. 
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35. An apparatus according to claim 28, wherein said 
phase shifting control circuits are arranged in the form of a 
matrix. 

36. An apparatus according to claim 28, wherein said 
radiating element, said phase shifter, and said phase shifting 
control circuit are arranged adjacent to each other. 

37. An apparatus according to claim 28, wherein said 
phase shifting control circuit comprises a thin-film transistor 
circuit. 

38. An apparatus according to claim 28, wherein said 
phase shifting control circuit comprises a flip-chip IC. 

39. An apparatus according to claim 28, wherein said 
radiating elements, said phase shifters, and said phase shift- 
ing control circuits are arranged in the form of matrices, 
respectively. 

40. An apparatus according to claim 28 wherein N is not 
less than two. 

41. A phased -array antenna apparatus used in a micro- 
wave or miUiwave band and having a high gain, comprising 
a multilayer structure formed by sequentially and tightly 
stacking 

a passive element layer on which a plurahty of passive 

elements are formed, 
a first dielectric layer, and 

a phase shifter layer having formed thereon M radiating 
elements, M phase shifters coupled to said radiating 
elements to shift a phase of a feeding signal supplied to 
each of said radiating elements in units of N bits, 
wherein M and N are positive integers and M is not less 
than two, phase shifting control circuits for controlling 
phase shifting of said phase shifters, and a distribution 
synthesizer for distributing/synthesizing the feeding 
signals, 

wherein said first dielectric layer is between said passive 
element layer and said phase shifter layer. 

42. An apparatus according to claim 41, wherein a glass 
material is used for at least one of said dielectric layers. 

43. An apparatus according to claim 41, wherein said 
respective layers of said multilayer structure are formed into 
a multilayer structure by photolithography and stacking or 
bonding in a process. 

44. An apparatus according to claim 41, wherein said 
phase shifter includes N phase shifting elements, and 

each of said phase shifting elements includes a distributed 
constant line, and a microwave switch connected to 
said distributed constant line. 

45. An apparatus according to claim 41, wherein said 
phase shifter comprises N phase shifting elements, 

said phase shifting control circuit comprises a data dis- 
tribution circuit for distributing control data, which is 
calculated to obtain a predetermined radiant beam, to 
scanning and signal lines, respectively, for each of said 
phase shifters, and MxN data latch circuits, each for 
receiving a scanning pulse from the scanning fine, a 
control signal from the signal line, and a timing signal 
for each of said phase shifters, and outputting data in 
synchronism with the timing signal, and 

phase shifting of said phase shifting elements of said 
phase shifter are simultaneously controlled on the basis 
of an output from each of said data latch circuits. 

46. An apparatus according to claim 41, wherein said 
phase shifter comprises N phase shifting elements, 

said phase shifting control circuit comprises a data dis- 
tribution circuit for distributing control data, which is 
calculated to obtain a predetermined radiant beam, to 
scanning and signal lines, respectively, for each of said 
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phase shifters, and MxN data latch circuits, each for 
outputting data in synchronism with a scanning pulse 
from the scanning line for each of said phase shifters, 
and 

phase shifting of said phase shifting elements of said 
phase shifter is controlled by switching a certain num- 
ber of radiating elements at a time, on the basis of 
outputs from said respective data latch circuits. 

47. An apparatus according to claim 41, wherein said 
phase shifter comprises N phase shifting elements, and 

said control circuit simultaneously controls phase shifting 
of said phase shifting elements of each of said phase 
shifters when an antenna beam direction is to be 
changed at a high speed, and controls phase shifting of 
said phase shifting elements of each of said phase 
shifters by switching a certain number of radiating 
elements at a time, when the antenna beam direction is 
to be changed at a low speed. 

4S. An apparatus according to claim 41, wherein said 
phase shifting control circuits are arranged in the form of a 
matrix. 

49. An apparatus according to claim 41, wherein said 
radiating element, said phase shifter, and said phase shifting 
control circuit are arranged adjacent to each other. 

50. An apparatus according to claim 41, wherein said 
phase shifting control circuit comprises a Ihin-film transistor 
circuit. 

51. An apparatus according to claim 41, wherein said 
phase shifting control circuit comprises a flip-chip IC. 

52. An apparatus according to claim 41, wherein said 
radiating elements, said phase shifters, and said phase shift- 
ing control circuits are arranged in the form of matrices, 
respectively. 

53. An apparatus according to claim 41 wherein N is not 
less than two. 

54. A phased-array antenna apparatus used in a micro- 
wave or milliwave band and having a high gain, comprising 
a multilayer structure formed by sequentially and tightly 
stacking 

a passive element layer on which a plurality of passive 

elements are formed, 
a first dielectric layer, 

a radiating element layer on which M radiating elements 

arc formed; 
a fourth dielectric layer; 

a feeding slot layer in which a plurality of feeding slots 

are formed to be coupled to said radiating elements, 
a fifth dielectric layer, and 

a phase shifter layer on which M phase shifters coupled to 
said radiating elements to shift a phase of a feeding 
signal supplied to each of said radiating elements in 
units of N bits, wherein M and N are positive integers 
and M is not less than two, 

phase shifting control circuits for controlling phase shift- 
ing of said phase shifters, and a distribution synthesizer 
for distributing/synthesizing the feeding signals are 
formed. 

55. An apparatus according to claim 54, wherein a glass 
material is used for at least one of said dielectric layers. 

56. An apparatus according to claim 54, wherein said 
respective layers of said multilayer structure are formed into 
a multilayer structure by photolithography and stacking or 
bonding in a process, 

57. An apparatus according to claim 54, wherein said 
phase shifter includes N phase shifting elements, and 
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each of said phase shifting elements includes a distributed 
constant line, and a microwave switch connected to 
said distributed constant line. 

58. An apparatus according to claim 54, wherein said 
phase shifter comprises N phase shifting elements, 

said phase shifting control circuit comprises a data dis- 
tribution circuit for distributing control data, which is 
calculated to obtain a predetermined radiant beam, to 
scanning and signal lines, respectively, for each of said 
phase shifters, and MxN data latch circuits, each for 
receiving a scanning pulse from the scanning line, a 
control signal from the signal line, and a timing signal 
for each of said phase shifters, and outputting data in 
synchronism with the timing signal, and 

phase shifting of said phase shifting elements of said 
phase shifter are simultaneously controlled on the basis 
of an output from each of said data latch circuits. 

59. An apparatus according to claim 54, wherein said 
phase shifter comprises N phase shifting elements, 

said phase shifting control circuit comprises a data dis- 
tribution circuit for distributing control data, which is 
calculated to obtain a predetermined radiant beam, to 
scanning and signal lines, respectively, for each of said 
phase shifters, and MxN data latch circuits, each for 
outputting data in synchronism with a scanning pulse 
from the scanning line for each of said phase shifters, 
and 

phase shifting of said phase shifting elements of said 
phase shifter is controlled by switching a certain num- 
ber of radiating elements at a time, on the basis of 
outputs from said respective data latch circuits. 

60. An apparatus according to claim 54, wherein said 
phase shifter comprises N phase shifting elements, and 

said control circuit simultaneously controls phase shifting 
of said phase shifting elements of each of said phase 
shifters when an antenna beam direction is to be 
changed at a high speed, and controls phase shifting of 
said phase shifting elements of each of said phase 
shifters by switching a certain number of radiating 
elements at a time, when the antenna beam direction is 
to be changed at a low speed. 

61. An apparatus according to claim 54, wherein said 
phase shifting control circuits are arranged in the form of a 
matrix. 

62. An apparatus according to claim 54, wherein said 
radiating element, said phase shifter, and said phase shifting 
control circuit are arranged adjacent to each other. 

63. An apparatus according to claim 54, wherein said 
phase shifting control circuit comprises a thin-film transistor 
circuit. 

64. An apparatus according to claim 54, wherein said 
phase shifting control circuit comprises a flip-chip IC. 

65. An apparatus according to claim 54, wherein said 
radiating elements, said phase shifters, and said phase shift- 
ing control circuits are arranged in the form of matrices, 
respectively. 

66. An apparatus according to claim 4 wherein N is not 
less than two. 

67. A phased-array antenna apparatus used in a micro- 
wave or milliwave band and having a high gain, comprising: 

M radiating elements, 

M phase shifters respectively coupled to said radiating 
elements to shift a phase of a feeding signal supplied to 
each of said radiating elements in units of N bits, 
wherein M and N are positive integers and M is not less 
than two. 
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phase shifting control circuits for controlling phase shift- 
ing of said phase shifters, and 

a feeding unit arranged to be coupled to each of said 
radiating elements, 

wherein said phase shifter includes N phase shifting 
elements, 

each of said phase shifting elements includes a distributed 
constant line, and a microwave switch connected to 
said distributed constant line, and 

wherein a micromachine switch is used as said microwave 
switch. 

68. An apparatus according to claim 67, wherein said 
micromachine switch comprises: 

an electrode formed between said two distributed constant 

hnes on the substrate, 
a finely movable element that finely moves to come into 

contact with or separate from each of said distributed 

constant lines in accordance with an electrostatic force, 

and 

a support member for supporting said finely movable 
element. 

69. An apparatus according to claim 68, wherein said 
finely movable element is placed above said electrode and is 
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attracted to said electrode on the basis of a voltage applied 
to said electrode or said finely movable element. 

70. A phased-array antenna apparatus used in a micro- 
wave or millimeter wave band and having a high gain, 
comprising a multilayer structure constituted by: 

M radiating elements, 

M phase shifters respectively coupled to said radiating 
elements to shift a phase of a feeding signal supplied to 
each of said radiating elements in units of N bits, 
wherein M and N are positive integers and M is not less 
than two, 

phase shifting control circuits for controUing phase shift- 
ing of said phase shifters, and 

a feeding unit arranged to be coupled to each of said 
radiating elements, 

wherein said M radiating elements and said M phase 
shifters are formed on the same dielectric substrate; and 

wherein said at least one layer of said multilayer structure 
is a coupling layer between layers, and said coupling 
layer is a feeding slot layer. 
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